Abstract Closure quantities measured by very-longbaseline interferometry (VLBI) observations are independent of instrumental and propagation instabilities and antenna gain factors, but are sensitive to source structure. A new method is proposed to calculate a structure index based on the median values of closure quantities rather than the brightness distribution of a source. The results are comparable to structure indices based on imaging observations at other epochs and demonstrate the flexibility of deriving structure indices from exactly the same observations as used for geodetic analysis and without imaging analysis. A three-component model for the structure of source 3C371 is developed by modelfitting closure phases. It provides a real case of tracing how the structure effect identified by closure phases in the same observations as the delay observables affects the geodetic analysis, and investigating which geodetic parameters are corrupted to what extent by the structure effect. Using the resulting structure correction based on the three-component model of source 3C371, two solutions, with and without correcting the structure effect, are made. With corrections, the overall rms of this source is reduced by 1 ps, and the impacts of the structure effect introduced by this single source are up to 1.4 mm on station positions and up to 4.4 microarcseconds on Earth orientation parameters. This study is considered as a starting point for handling the source structure effect on geodetic VLBI from geodetic sessions themselves.
Introduction
It is well known from astrophysical studies of imaging that structures of geodetic radio sources are generally asymmetric, time dependent, and frequency dependent (e.g., Charlot 1990a; Ojha et al. 2004 Ojha et al. , 2005 Piner 2007; Lister et al. 2009 Lister et al. , 2013 Charlot 2010; Fomalont et al. 2011) . The effects of source structures in geodetic very-long-baseline interferometry (VLBI) have been studied for decades (e.g., Campbell et al. 1988; Charlot et al. 1988; Tang and Rönnäng 1988; Ulvestad 1988; Charlot 1990b; Fey et al. 1996; Tornatore and Charlot 2007; Shabala et al. 2015; Plank et al. 2016; Xu et al. 2016) , and, for instance, by studying a series of ten Research and Development VLBI (RDV) sessions, Sovers et al. (2002) concluded that the structure effects contributed 8 ps-30 ps WRMS residual delay, and were the three major contributors along with the instrumental and tropospheric delays in geodetic VLBI. However, this effect is still ignored as noise in routine geodetic VLBI data analysis so far.
In order to reach the future goals of VGOS (Petrachenko et al. 2009 ), including 1 mm position accuracy, delay errors from individual sources should also be below approximately 1 mm / c ∼ 3 ps, implying that for a typical baseline length of 8000 km for geodetic VLBI observations, the astrometric positions of sources must be accurate to about 25 microarcseconds (µas). The motions and brightness fluc-tuations of the radio components of the set of regularly observed geodetic quasars are not known well, but worst-case limits can be estimated from studies of other active galactic nuclei source samples. Using the largest high-cadence study of flat-spectrum radio quasars (MOJAVE; Lister et al. 2009 ), the most common jet speed is 200 µas yr −1 , with a maximum jet speed of 2500 µas yr −1 , while Fomalont et al. (2011) demonstrated that the jet speed of the geodetic source 0556 + 238 is about 100 µas yr −1 . Such motions would require source structure to typically be redetermined 8 times per year. Alternatively, brightness fluctuations, such as flares in the jet core regions, can also affect the effective astrometric position of sources. Numerous long-term (many years) single-dish monitoring programs show that the rise times to double the total flux densities of sources can be as small as a few months or even a few weeks (see, for example, Aller et al. 1985; Lister et al. 2009; Fuhrmann et al. 2014; Park and Trippe 2014; Max-Moerbeck 2016) . For a simple structure model of two approximately equal-brightness components separated by 500 µas with one component undergoing a flare, an astrometric centroid shift of 25 µas results from just a 10% change in the total brightness.
Clearly, source structure changes must be monitored on timescales far shorter than a year in order to meet the future VGOS goals, and we cannot expect that source structure can be handled merely by selecting sources in VLBI observations based on structure indices that were in many cases obtained from single-epoch observations and separated in time from the geodetic observations by more than a decade. Instead, geodetic VLBI should be able to determine source structure properties from the same observations that are being used to determine geodetic information. Therefore, we propose a method that uses geodetic observations to derive structure indices and study the impacts of structure effects on those same observations. We use an individual source in this paper as a demonstration case; in practice, all sources with suitable observations can be analyzed using this method.
Closure quantities
It is difficult to use group delay, fringe phase, and observed amplitude to study structures of radio sources owing to instabilities introduced by the atmosphere, independent local oscillators, and varying antenna gains at each site. However, VLBI observations are baseline dependent, and for an interferometer array with more than two stations there are redundancies allowing the formation of closure quantities that are independent of atmospheric effects, clock fluctuations, and any station-based errors.
Closure delay
We defined closure delay as the sum of the delays around a closed triangle of baselines. Closure delay is a direct and important criterion of how much the source structure affects delay observables. It can also be used to determine the measurement noise in geodetic VLBI observables and thus indicate the precision level of delay observables. For a detailed discussion about closure delay, please refer to Xu et al. (2016) .
Closure phase
Closure phase has been used by the astrophysical community to make images of radio sources for decades (Rogers et al. 1974; Readhead 1984, 1988) . It is well known that phase delays in VLBI observations are more accurate than group delays, but due to the unresolved ambiguity issue, phase in fact has not been used in geodetic VLBI. Closure phase actually circumvents the ambiguity issue.
Closure amplitude
Amplitude is generally not calibrated in geodetic VLBI observations, but closure amplitude, independent of the gain of each individual station, is a good observable for the study of source structure. With four stations, a, b, c, and d, it is possible to form combinations of amplitudes that are independent of the antenna's gain factors by using
where, for instance, A ab is the observed amplitude on baseline ab. These combinations are called closure amplitude (Readhead et al. 1980) . If all six interferometer baselines formed by the four stations are correlated in one scan, three closure amplitudes with different values can be obtained, for example A abcd , A abdc , and A adcb , only two of which are independent. For a comprehensive discussion about closure phase and closure amplitude, please refer to Pearson and Readhead (1984) and Thompson et al. (2007) and the references therein.
Calculations and data
The interpretation of closure quantities is very challenging, as, unlike the visibility, the sky brightness distribution cannot be obtained from them by a simple Fourier transform relationship. Moreover, knowledge of both the absolute strength and the absolute position of the source is lost in these closure quantities. However, closure quantities have the advantage of showing the magnitudes of source structure effects without the need for calibration or imaging. Source structure effects in geodetic VLBI data analysis have merely been considered in terms of a structure index, so that point-like sources can be selected and extended sources can be avoided in scheduling of VLBI observations. However, for the 1 mm accuracy goal of VGOS, such an approach is unlikely to be sufficient as there are not enough sources with low structure indices (<3) to cover the sky uniformly. For most geodetic sources, the structure indices are single epoch and thus might not represent the magnitudes of structure effects in observations after several years. Therefore, it should be more effective and illuminating to determine the magnitudes of structure effects based on closure quantities from geodetic observations themselves.
To demonstrate this, we use the data from CONT14 1 observations (Nothnagel 2015) at X band. CONT14, as a campaign of continuous VLBI observations conducted by the International VLBI Service for Geodesy and Astrometry (IVS) over 15 days with 17 globally distributed stations, was intended to acquire state-of-the-art VLBI data with the highest accuracy that the then existing VLBI system was capable of. Since only 71 radio sources were observed in this campaign, one can expect that most of these radio sources have enough observations with good uv coverages to get meaningful statistical information from closure quantities.
The specific equations that were used for the calculations of closure quantities from geodetic VLBI observations are shown in Appendix A. Closure quantities were calculated based on these equations. Next, the median and the rms values of the magnitudes of closure delays, closure phases, and closure amplitude logarithms were determined for each source. Due to the sensitivity of rms value to outliers with large magnitudes, rms values were derived in an iterative way: Closure quantities with magnitudes 5 times larger than the rms were identified as outliers until no outliers remained. For most radio sources, only a few percent of the closure quantities were excluded in this procedure. The statistics for the 65 radio sources that have more than 30 closure relations in CONT14 observations are presented in Table 1 .
Structure index
Structure index Charlot 1997, 2000) plays an important role in geodetic/astrometric VLBI as an indicator of the magnitude of the structure effect for each source: (1) extended sources can be avoided and compact sources can be selected in VLBI observations; (2) one of the criteria for selecting defining sources in ICRF2 is that they had structure indices smaller than 3 (Fey et al. 2015) ; (3) sources with high astrometric quality can be selected as candidate sources for aligning optical and radio catalogs (e.g., Bourda et al. 2008, 1 http://ivscc.gsfc.nasa.gov/program/cont14/. 2011; Le Bail et al. 2016) . Structure index can be calculated from closure delays based on observations if the thresholds for closure delays τ th closure are related to the thresholds for calculated structure corrections in delay observables τ th delay that were used by Fey and Charlot (1997) to calculate structure index. The relation between these two thresholds is,
where τ noise is the median value of measurement noises. The rms of closure delays for 0727-115, which has minimal source structure and shows no closure structure with baseline orientation (see, Xu et al. 2016 ), was 8 ps, which suggests that the measurement noise of individual group delays is below 4.8 ps (8 ps/ √ 3). According to the relative relationship between rms and median values, the median value of the measurement noise was set to be 2.8 ps. Furthermore, note that changing this value to around 5 ps does not change classifying the structure indices between 2 and 3 or 3 and 4-it only affects distinguishing a structure index of 1 from 2. In order to facilitate comparison to the Bordeaux VLBI image database 2 (BVID), which unfortunately only contains integer structure indices near in time to the CONT14 sessions, we define an integer closure delay structure index as follows. Using the same thresholds of structure delays for classifying structure groups in Fey and Charlot (1997) , and assuming τ noise = 2.8 ps, the structure index (SI) can also be calculated from the median value of closure delays by, We further define a continuous closure structure index that closely approximates Eq. 3 of an integer structure index as:
This equation is for closure delays, and a complete set of equations for the three kinds of closure quantities are presented in Appendix B.
Integer structure indices for the 65 radio sources were derived according to Eq. 3 and shown in column 11 of Table 1 labeled as closure delay (CD1), while the continuous structure indices calculated from Eq. 4 based on closure delays are shown in the last column referred to as CD2. For comparison, the most recent structure indices at X band from the BVID, which unfortunately are integer, are presented in column 10. The BVID structure indices are in the time range Column 2 is the total number of triangles and column 7 is the total number of quadrangles for each source formed based on these observations observations. There is one source, 0637−752, that is not found in the BVID and it was identified to have structure index of 3 at X band from closure delays. Structure indices of 14 radio sources were found to have increased, either from 1 to 2 (3 sources) or 2 to 3 (11 sources), and those of 13 radio sources have decreased, from 3 to 2 (10 sources), 2 to 1 (2 sources), or 4 to 3 (1 source), while the remaining 37 radio sources have the same structure indices. The most frequent changes between our identified structure indices and those from the BVID are the transitions between structure indices of 2 and 3. The distribution of continuous structure indices are presented in Fig. 1 . The rms of the differences between the continuous structure indices from closure delays and those from the BVID is 0.61.
Median absolute values of the three closure quantities as a function of the longest projected baseline length in the triangle or in the quadrangle are shown for 54 radio sources in Fig. 2 . The natural logarithms of closure amplitudes for source 0738+313 deviate considerably from zero even for very small quadrangles, which means that it has a strong structure with a quite large spatial scale. Almost all other radio sources have a common pattern in their plots that median absolute values of closure quantities start with small values and increase when the projected baseline lengths become larger. Variations of the three closure quantities agree well with each other.
These plots graphically demonstrate the median absolute closure quantities from Table 1 that were used to calculate the structure indices, and also illustrate that the amount of source structure effects depends on baseline length. For example, source 0642 + 449 shows very little structure effect in the three closure quantities for short baselines but has very significant effects when the projected baselines are larger than about 8000 km. This shows that it is strongly resolved on small spatial scales, which may be a recent development since it was selected as a defining source in ICRF2 and has a structure index of 2 in BVID. In this case, rms values of closure quantities represent the magnitude of structure effect much better than median values. On the other hand, the median values for source 0016 + 731 are very small and have a flat pattern, and only slightly increase when the projected baseline lengths are larger than 11,000 km; it is classified as having structure index of 1 based on closure delays. It is worth noting that the median values of the three closure quantities in general are much smaller than the rms values. So-called good sources with a structure index of 2 still tend to have quite significant rms closure delays. Also, the structure indices of "good" and "extended" sources depend strongly on the date of observation, with 36% of "good" and "extended" sources changing structure index between the BVID and the CONT14 sessions.
Investigating impacts of source structure effect
The results presented in Table 1 suggest that the source 3C371 is a good candidate for the preliminary study of impacts of structure effect because: (1) it has tens of thousand closure quantities in CONT14 and a structure index of 3; (2)the median values of its closure quantities are large even when the projected baseline lengths are small so that many observables are affected by structure; and (3) compared to the structure effects of some extended sources, such as 0014+813 and 0738+313, the structure effects of 3C371 are not so strong such that observables with significant structure effects would be excluded as outliers during VLBI data analysis. From  Fig. 2 , we also notice that 3C371 is a good representative of the radio sources in CONT14 in the sense of the magnitude of source structure effects.
Structure model for 3C371
The structure of source 3C371 was assumed to have multiple point components and was determined by model-fitting of closure phases directly instead of the traditional Fourier imaging. The method of forward modeling was developed to determine the multi-component structure: (1) closure phases of small triangles with longest baseline lengths shorter than a certain value, such as 2000 km, are used to determine the relative position and the flux density ratio of two components based on the model of structure phase in Charlot (1990b) ; (2) closure phases of triangles with larger baseline lengths are gradually added and used to test the obtained multicomponent model by the previous step until a significant mismatch between modeled closure phases and observed closure phases occurs; (3) another component is proposed The first component with the peak intensity was set to be the reference point. The flux density ratios k and the relative offsets r are with respect to the reference point. P A is the position angle of the vector of the component and the reference point, measured in the sky counterclockwise with respect to the north and fitted from closure phases and then the second step is repeated; and (4) fitting continues until the closure phases of triangles with the longest baseline length are exploited. In the whole procedure, the identified components are kept and only one new component will be proposed to add in at one time.
If one does not have any a priori information about the structure of a source, different a priori values for the twocomponent model may need to be tested. In general, however, the changing pattern of closure phases of triangles with the same three stations over 24-hours of GMST should give useful insight for that.
Based on this method, a three-component model was determined for the source 3C371. The result is presented in Table 2 and shows that this source is extended in one direction with a position angle of about 260 • . From publicly available maps of 3C371 in Feb. 2014 and Sep. 2015, 3 we find a good agreement in the position offset and direction of extended structure between our modeling and imaging results. To make a direct modeling to imaging comparison, we have imaged the CONT14 sessions' visibility data for 3C371, shown in Fig. 3 . Our image shows a core with a onesided jet extending about 6 mas from the core along a position angle of about 260 • . No significant structure is visible farther than 6 mas from the core, in contrast to the VLBA imaging results mentioned directly above. However, the IVS CONT14 observations have longer baselines, more observations with long baselines, and fewer short-VLBI baselines, than observations provided by the VLBA, so it is not surprising that our imaging results show no emission at large separations from the core, where the emission is expected to be more extended and therefore resolved out. The details of imaging based on geodetic VLBI sessions and a detailed comparison between the images from geodetic sessions and VLBA sessions will be presented in our future publication (Anderson et al., in prep.) . Figure 4 shows observed closure phases in magenta dots, modeled closure phases from the proposed analysis in blue 3 http://astrogeo.org/vlbi_images/. Fig. 3 Image of 3C371 based on the visibility data from CONT14 sessions using natural weighting. The extended direction from our proposed method using closure phases agrees well with the imaging result dots, and closure phases from imaging results in green dots for two triangles as a function of GMST. The rms of closure phases was reduced from 27.9 • to 12.5 • using the threecomponent model. As we can see, the results from imaging have only a slightly better agreement with the observed closure phases and delays, and the model based on closure quantities does give results close to what full imaging gives.
The three-component model then was used to calculate the structure corrections for delay observables at X band and the effect at S band was ignored. By applying this structure model to group delays, the rms of closure delays of 3C371 was reduced from 46.6 to 36.4 ps. Figure 5 shows observed closure delays, modeled closure delays from the three-component model, and closure phases from imaging for the same two triangles in Fig. 4 . Modeled closure delays generally have the same pattern as that in observations, however, the scatter in the variations of closure delays is much larger than that in closure phases, and the structure delays from the structure models cannot exactly follow the variations in observed closure delays. The improvement in closure phases after modeling the source structure effects is 55%, while that in closure delays is only 22%. This shows the expected result that the observed phases are more accurate than the observed delays and provide better modeling constraints. The theoretical delay software CALC11 was modified to be capable of correcting the structure effect. The theoretical delays for all observations in CONT14 were recalculated to generate new databases. Two solutions were then made based on the new databases and the original databases.
Impacts of source structure effect
A detailed comparison of results obtained from the two sets of databases was made to investigate the impacts of structure effect introduced by one single radio source, 3C371. In total, there are about 254,000 observations. The overall rms and Chi-square for the solution of the original IVS databases were 26.65 ps and 0.832, respectively, while those for the new databases are 26.61 ps and 0.830. Comparisons of residual rms for 3C371 over 15 sessions are presented in Table 3 . About 12 000 observables of 3C371 were included in the data analysis. The overall rms for this source was reduced from 26 to 25 ps, and the Chi-square was decreased from 0.863 to 0.835.
The baseline repeatability for most of baselines was improved in a range up to 0.04 mm. The comparison for the The second column shows the numbers of used observables in the data analysis and the numbers of usable observables in the databases. Two solutions are based on exactly the same ensemble of observables baselines related to YARRA12M is shown in Table 4 as an example.
The differences between results of polar motion and nutation/precession parameters from the two datasets over 15 days were at the level of microarcseconds with a maximum of 4.4 microarcseconds, and those for UT1 were below 0.1 microsecond. The coordinates of stations WESTFORD and ZELENCHK have the biggest differences, about 1.4 mm in the U direction, while the rest of the stations have agreement in three coordinates at the level of 0.2 mm.
The direction of source 3C371 was estimated as a global parameter to be (18 h 06 m 50. s 680 675, +69 • 49 28. 108 484) from the IVS databases and to be (18 h 06 m 50. s 680 664, +69 • 49 28. 108 472) from the new databases. The difference is 165 microarcseconds in right ascension and 12 microarcseconds in declination. This difference should be due to the reference point used for the calculation of the structure effect, which is the peak intensity of the brightness distribution in the study. Another pair of solutions, in which the position of source 3C371 was fit as session-wise parameter, were made to get the time series of source's position. The results are presented in Fig. 6 . The main difference is a constant offset in right ascension, which can be removed by choosing an appropriate reference point for calculating the structure delay corrections. The variation in the source's position remains at the level of a few hundred microarcseconds, which suggests that the modeled structure effect for this source in bandwidth synthesis and ionospheric effect free delay observables does not perform as well as that for phases. The differences in the positions of the remaining sources are 
Discussion and conclusion
The source structure effects in CONT14 observations were studied in terms of closure delays, closure phases, and closure amplitudes. A method of deriving structure index based on closure quantities was proposed, and structure indices for 65 radio sources with at least 30 closure triangles were obtained according to this method. This result is comparable to structure indices from the BVID and the closure quantities in principle capture important information about source structure. The equations of closure delay structure indices are derived from exactly the same thresholds of structure delays as that were used by Fey and Charlot (1997) . This allows our closure delay structure indices to hold the same meaning of structure index as its original definition. There are, however, two main differences between the structure indices from these two methods: (1) because our closure delay structure indices are derived from actual observables and the BVID structure indices are from theoretical predictions of only structure delay based on images, our closure delay structure indices have to take the measurement noise into account, while this is not the case for the BVID structure indices; (2) our closure delay structure indices are determined from the actual (u, v) coordinates sampled in a session, whereas the structure indices of Fey and Charlot (1997) are calculated from a grid sampling all possible ground-based VLBI (u, v) coordinates. Further investigations, based on the same datasets of the structure indices from the BVID, of our method and of the influence of the different observing networks are definitely needed. Therefore, the structure indices for geodetic sources can be regularly updated without making images, for instance, from all the VLBA and VLBA plus global VLBI stations sessions, IVS terrestrial reference frame sessions, and even from IVS R1 and R4 sessions for a fraction of radio sources. Structure index is conservatively defined by the median absolute value of structure effect corrections, although the median values of closure quantities are in general significantly smaller than their rms values. The structure effects in geodetic VLBI may have been underestimated. According to our study the rms values are better than the median values in terms of demonstrating the magnitude of structure effect. Source 3C371 was selected as a starting point for the study of impacts of structure effect on geodetic VLBI data analysis. A three-component model of the structure of 3C371, derived by model-fitting from closure phases, was used to correct its structure delay. The structure model derived from phases does not fit with the delay observables as well as the phase observables. The results show the impacts of structure effect by this individual source on EOPs is up to about 4.4 microarcseconds and on station's position in some cases are beyond 1 mm. The estimated source position is strongly dependent on the reference point of the structure model.
Even though this preliminary study of the structure effects for an individual source can be limited to summarizing the significance of correcting for the structure effect, there are at least three conclusions that can be made. First, although source structure effects may be averaged out to some extent when solving for geodetic parameters, in particularly for an individual source in this study, they are crucial for determining the position of each individual source. Without correcting the source structure effects, a source position determined from geodetic observations does not have a clear reference point, neither the location of the peak intensity nor the center of the brightness, because the estimated source position strongly depends on the specific baseline geometries of observations. But with the effects corrected, we can explicitly say where the determined source position is located with respect to the source structure. For instance, we can say that the reported source position in the case of 3C371 after correcting these effects is the location of the peak intensity identified from our method. If we use a map of a source to correct the effects, then we can provide the location of the reference point for the estimated source position in the map. Since the difference between the positions with and without correcting structure effects is at the level of submilliarcseconds, and larger differences can be expected for some sources, this is very important for high-accuracy relative astrometry. In addition, with the possibility of identifying the cores of sources, we can realize a more stable celestial reference frame. Second, the impact on station position in some cases is already beyond 1 mm. Third, the residual rms for source 3C371 was reduced by 1 ps. This is significant, even though there is still room for the improvement of the structure model. From our study, an improvement in geodetic VLBI data analysis of, at least, the picosecond level can be expected after a complete consideration of structure effects.
This study demonstrates the preliminary results of structure effect. Only 10% of radio sources have a structure index of 1 in CONT14. Sources with a structure index of 2, the majority in geodetic VLBI observations, actually have rms closure delay at the level of 30 ps, which significantly contribute to the total residual rms of VLBI data analysis. A rigorous and consistent method of handling the source structure is to correct the structure phases, based on the brightness distribution obtained from that epoch, for the raw phases in all channels used in the recording system during the postprocessing procedure and then redetermine multi-band group delays and ionosphere corrections.
Specification for the calculations of closure quantities
To the accuracy of the second order in delay, the closure delay τ abc (t) at reference epoch t for three stations a, b, and c, is calculated from geodetic VLBI observations 4 by τ abc (t) = τ ab (t) + τ bc (t) − τ ac (t)
where, for instance, τ ab is the group delay observable from station a to station b, and τ bc is the group delay observable from station b to station c, for the same wavefront received by three stations. A prime on a delay symbol indicates that the term refers only to the geometric delay without dependence on station clock offset, and a superposed dot and double superposed dots denote differentiation with respect to time once and twice, respectively. The definition and model of closure delay was discussed in detail by Xu et al. (2016) . By convention in geodetic VLBI measurements, the time tag of a VLBI observable is referred to the epoch when the wavefront passes the first station in the baseline. In order to have the three delay observables in the closure refer to the same wavefront, there are the corrections in the brackets of Eq. 5 to the group delay for the second baseline in the triangle. Similar to closure delay, closure phase can be calculated from geodetic VLBI observations 5 by using φ abc (t) = φ ab (t) + φ bc (t) − φ ac (t) + τ bc (t)· τ ab (t) + 1 2τ bc (t)· τ ab (t) 2 · 2πν, (6) where, for instance, φ ab is fringe phase observable on baseline ab and ν is the reference frequency. We should be aware that τ ,τ , andτ in Eq. 6 are phase delay and the derivatives of phase delay, and are different from the group delay terms in Eq. 5. For closure amplitude, in order to have closure amplitude quantities be zero for point-like sources, such as closure delay and closure phase, we calculate the absolute value of natural logarithm of the closure amplitude by
7 Equations for determining structure index from closure quantities
Continuous structure index from closure quantities is defined as follows:
SI clo−phas ≡ 0.77 ln |φ closure | med 1 deg + 1.26, and
SI clo−amp ≡ 2.67 |ln A closure | med + 2.14.
The form of Eq. 8 was selected to match the integer steps of Eq. 3, not to match the continuous structure index of Fey and Charlot (1997) . A least square fit was performed based on the CONT14 observations to determine the coefficiencies in Eqs. 9 and 10, by matching the closure phase and closure amplitude structure indices as well as possible to the closure delay structure indices. Generalized, exact forms of these equations for their applications to other observations need to be investigated carefully.
